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Samples of GaxI ^ _ xP grown by organometallic vapor phase epitaxy on (001) GaAs substrates by 
addition of TESb demonstrating a lateral superlattice compositional modulation CM have been 
studied by low temperature polarized photoluminescence PL , power dependent PL, and 
photoluminescence excitation PLE spectroscopy. Strong polarization is observed in the low 
temperature PL and PLE spectra at Sb concentrations below that where CuPtB ordering is removed 
and triple period ordering is produced. Low temperature polarized PL is shown to be the most 
sensitive optical technique for detecting the presence of CM. The radiative recombination 
mechanism at low temperature is excitonic, originating from the exponential tail of band gap states 
observed in the PLE spectra. From the measured band gaps, a continuum model of the band 
structure allows an estimate of an upper limit of the percent modulation present in the samples.
Above Sb/III(i;) = 0.01, compositional modulation is the dominant factor determining the low 
temperature optical properties. The percent fluctuation of composition increases monotonically with 
increasing Sb during growth. © 2001 American Institute o f  Physics. [DOI: 10.1063/1.1378060]
I. INTRODUCTION
Phase separation has long been studied in compound 
semiconductors. A large positive enthaply of mixing is 
known to produce regions of immiscibility from bulk ther­
modynamic considerations.1 In epitaxial layers, coherence 
strain may stabilize the single phase alloy in this miscibility 
gap.2 However, the proximity of a free surface reduces the 
coherency stabilization.3 In an unstable system, two compet­
ing types of self-assembled behavior exist, each leading to a 
reduction of the configurational free energy of a random al­
loy with a large enthalpy of mixing.1-4 At the atomic scale, 
surface reconstruction leads to CuPt ordering, with atomic 
planes of alternating composition along the {111} directions.4 
On a larger scale, spinodal decomposition leads to composi­
tional modulation CM in which a regular superlattice is 
spontaneously formed.4 Compositional modulation is ob­
served to be a natural superlattice either: i along the growth 
direction vertical superlattice or ii perpendicular to the 
growth direction lateral superlattice . Both types of CM are 
frequently observed in III-V  semiconductor alloys.4,5 A 
schematic diagram of lateral superlattice CM is shown in 
Fig. 1. When grown on (001) oriented substrates, the super­
lattice forms along the [110] direction with alternating re­
gions of high and low band gap material extending in verti­
cal wells and barriers along the [110] direction.5
Control of the lateral superlattice CM has been demon­
strated by many epitaxial methods. Growth of short-period 
superlattices by molecular beam epitaxy MBE has been 
successfully used to produce self-assembled quantum wires 
in the GaxI n ^ xAs,6’7 AlxI n ^ xAs,8 and GaxI n ^ xP9 material 
systems by the so-called strain-induced lateral ordering 
(SILO process.10 Using organometallic vapor-phase epitaxy
’^Electronic mail: cfetzer@spectrolab.com
OMVPE , a naturally formed lateral superlattice CM has 
been produced in AlxI n ^ xAs11 and GaxI n ^ xAs12 single lay­
ers. The period of both natural and SILO formed superlat­
tices was observed to range from 100 to 400 A.5 Recently, 
the use of surfactants has been demonstrated to control phase 
separation and has led to a lateral superlattice CM in the 
OMVPE growth of G a jn ^ xP .13 The surfactant enhanced 
superlattices have a much larger period, of about 120 nm, but 
maintain the same orientation as those formed by other meth­
ods. Surfactant mediated growth may be used to control the 
CM amplitude by controlling the growth rate and the amount 
and type of surfactant.14 Simultaneously, an ordered phase, 
with triple the period of the lattice along the {111} A direc­
tions, was observed in the Sb modified samples.13,15,16 Re­
cent results suggest that the triple period ordering TPO has 
little impact on the low temperature optical properties.13 A 
hypothesis which is in direct contrast to previous studies, 
where TPO had been hypothesized to be responsible for an 
observed band gap reduction,15-18 much like that known to 
occur for CuPt ordering.4,19 The question of which micro­
structure is responsible for the optical properties is nontrivial 
since both microstructures, ordering and CM, may be used to 
engineer the properties of structures for advanced optoelec­
tronic devices.4,5,10,20 The resolution of this issue facilitates 
the use of isoelectronic surfactants as a means of engineering 
the properties of III-V  epitaxial layers during their growth.
All of the observed microstructures impact optical prop­
erties. It follows then that an optical means may be used to 
distinguish the presence of a given structure. The confirma­
tion of the presence of a given structure must be made with 
an alternate and established technique such as transmission 
electron microscopy TEM 4,5 or x-ray diffraction.12 These 
techniques for microstructure characterization are either de­
structive, consuming the sample, in the case of TEM, or may 
not be readily available. Understanding the relation of key
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FIG. 1. Schematic diagram of lateral superlattice CM in GalnP epilayers. (a) 
The alloy epilayer is divided into a superlattice along the [110] direction of 
alternating GaJ+ ^ I n ^ ^ P ,  Ga-rich regions, represented by dark areas, and 
G a ^ _ ^ I n ^ ^ P ,  In-rich regions, represented by the light areas. The band 
gap may be represented by alternating high and low band regions in a sine 
wave along the 110 direction shown in b . The valence band shows a split 
between the heavy hole HH and light hole bands, with the HH band higher 
in energy in the In-rich low band gap regions.
optical properties to the microstructure of these layers gives 
a researcher a nondestructive method to characterize the 
layer.
In all the microstructures, the band gap, as measured by 
photoluminescence PL , is observed to decrease in samples 
with either microstructure.4’5 In samples exhibiting CM, 
strong polarized PL perpendicular to the superlattice the 
[f l0 ]  is the stronger orientation is also reported.5 The 
strength of the PL polarization (reported as the ratio of the 
two orientations has been observed to reach values as high 
as 40 and is strong even for small amplitudes of CM.513,21 
Samples exhibiting strong CuPt ordering also show polarized 
PL; however, the intensity is stronger for the [110] orienta­
tion, oriented opposite that of CM.19 Additionally, the 
strength of the polarization for CuPt ordering may reach a 
maximum value of only 3 for fully ordered material.22 One
would assume then that triple period ordering would be lim­
ited to a similar value. This difference in polarized PL in 
strength and orientation for the observed microstructures in 
Sb modified GaInP may be used to resolve the issue as to 
which microstructure dominates the low temperature optical 
properties, CuPt ordering, triple period ordering, or CM.
This article describes the optical properties of surfactant 
induced CM in epitaxial GaxI n ^ XP (hereafter GaInP. The 
experimental relationship between the amount of surfactant 
and the magnitude of the compositional fluctuation of the 
CM will be explored. Using low temperature PL and photo­
luminescence excitation (PLE) spectroscopies both the low 
and high band gap regions of CM may be probed. Compari­
son of the results of the samples grown without Sb, known to 
be CuPtB ordered, with those grown with Sb may be used to 
distinguish the onset of CM. The results are correlated to a 
theoretical model covering both high and low band gap re­
gions and provide an upper estimate of the percent fluctua­
tion of the CM present in the samples.
II. EXPERIMENT
All samples were grown in a horizontal flow atmo­
spheric pressure OMVPE reactor. The details of the growth 
method have been given previously.23 The 0.4- m-thick ep­
itaxial layers of GaInP were grown under conditions giving 
nominal lattice match to semi-insulating (001) GaAs sub­
strates having misorientation of either 0° (singular) or 3° to 
the [111]B (3b vicinal). The lattice mismatch determined 
from x-ray diffraction was A a / a <  10_ 3 for the samples used 
in this study. A control sample was grown on (511) A oriented 
semi-insulating GaAs to produce nearly disordered and uni­
form (i.e., no C M  GaInP without the introduction of a 
surfactant.24,25 Trimethylgallium, ethyldimethylindium, and 
tertiarybutylphosphine were used as precursors. The growth 
rate was constant at 1 ^tm/h. The V/III ratio was held at 40. 
Triethylantimony, TESb, was used in low concentrations as a 
surfactant. The concentration is specified as the ratio of 
TESb to total group III partial pressure in the vapor 
[Sb/III(u)]. Because Sb is nonvolatile, this ratio reflects the 
amount of Sb on the surface of the epilayer for a given 
growth time. To compare results reported using this ratio 
with those of previously published studies using 
S b /P ^ ) ,1516,24 one simply multiplies the value by the V/III 
ratio. The use of surfactant Sb has been previously observed 
to induce disordering, TPO, and CM in GaInP, depending on 
Sb/III(u).13-16
Polarized PL was studied by focusing light from an ar­
gon ion laser (488 nm) to a spot size 0.2 mm in diameter for 
a total excitation intensity of 30 W/cm2. For some experi­
ments, the excitation intensity was reduced by using neutral 
density filters. The sample temperature was controlled using 
a closed-cycle He refrigerator and cold finger combination. 
The sample temperature was nominally 12 K for most mea­
surements. Higher temperatures were obtained by heating the 
cold finger using a resistive element and a programable tem­
perature controller. The luminescence was collected by 
lenses and passed through a rotating polarizer film to select 
the PL orientation, along either the [110] or the [110] direc-
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FIG. 2. Polarized PL spectra taken at 
12 K for increasing amounts of Sb, de­
noted Sb/III(u). The dashed line is the 
spectrum polarized along [1 1 0  and 
the solid line is for the perpendicular, 
[110], polarization. The peak energy 
and polarization are indicated for each 
spectrum. For the highest value of 
Sb/III(u) shown, Sb/III(u) =  0.064, 
(c), the [110] orientation has been 
multiplied by a factor of 10 for clarity. 
In that spectrum, a low-energy peak 
and high-energy shoulder are labeled 
as peaks A and B, respectively.
tion. The resulting PL was dispersed through a 0.5 m mono­
chromator (SPEX 500M) and collected onto an uncooled bi­
alkali photomultiplier tube. Standard lock-in amplification 
techniques were used to reduce the noise and amplify the 
signal. All spectra were corrected for system response. PLE 
was collected using the same system with the sample at 12 
K. A single wavelength of light from a 300 W filament lamp 
was selected by a 0.5 m monochromator, polarized, and fo­
cused onto the sample with an incident intensity of approxi­
mately 1 W/cm2. The luminescence from the PLE experi­
ment was collected unpolarized with the same system used 
for regular PL.
III. EXPERIMENTAL RESULTS AND DISCUSSION 
A. Photoluminescence
Figure 2 shows the basic, low temperature polarized PL 
for selected samples with increasing Sb concentration. In 





/[ r1o] and ^  110] are the integrated PL intensities with the 
polarizer oriented along the [110] and [110] directions. The 
spectrum for the sample with no Sb Fig. 2 a has a peak 
energy of 1839.2 meV and a polarization, p, of +0.25. Both 
values are typical of CuPtB ordered material with order pa­
rameter of 0.6, as reported previously.24 The addition of 
small amounts of Sb has a dramatic effect on the polarized 
PL spectrum. For Sb/III(t;) = 0.016 [Fig. 2(b)], the peak en­
ergy corresponds to nearly disordered GaInP at 1959.8 meV, 
comparable to that of the (511)A control sample at 1968 
meV. The full widths at half maximum FWHM are also 
comparable at 12 meV for Fig. 2 b and 14 meV for the 
control sample. The polarization of the sample with 
Sb/III(t;) = 0.016 becomes -0.672, indicating a stronger po­
larization along [110]. The polarization of the control 
sample is +0.15, typical of weak CuPtB ordering. The strong 
polarized PL shows that the sample grown with Sb/III( ) 
= 0.016 is not just weakly CuPtB ordered as represented in 
earlier reports.15,16,24 Both the polarization strength and di­
rection indicate the possible presence of lateral superlattice
CM.5,15 In TEM studies, which included this sample, only 
the weak CuPtB ordering was observed, comparable to that 
observed in the control sample.15,16,24 The TEM studies may 
have missed the presence of CM altogether, since at the time, 
there was no direct examination for its presence in any of the 
Sb modified layers. The small FWHM of the PL also indi­
cates that the CM amplitude may be very weak. If the CM is 
regional on the sample, then the small volume probed by 
TEM may not have contained any CM structure. Only in 
subsequent TEM examination of other samples at slightly 
higher concentrations was CM discovered.13 Atomic force 
microscopy AFM detected the presence of surface undula­
tions on this same sample, extending along the [110] 
direction.13 Such undulations are also typical of the presence 
of CM.5 The sample that exhibited TPO in the earlier reports, 
for Sb/III( ) 0.064 is shown in Fig. 2 c . The energy of the 
dominant peak (A) is 1916.3 meV and a high energy shoul­
der is also present, labeled peak B. The spectrum is very 
polarized, with 0.95, a ratio of integrated intensities 
along the [ 110] and [110] directions of 41-1. Although the 
sign is correct (p<0) for an A variant of {111} ordering,4,19 
the polarization magnitude is too strong to be due to the 
presence of TPO. This same sample has also been confirmed 
to contain strong CM microstructure by TEM and AFM.13 
The dramatic polarization and band gap reduction are all 
consistent properties of the CM microstructure. The strong 
polarization present in the sample grown at Sb/III( ) 
= 0.016 [Fig. 2(b)] may also indicate the presence of a 
weaker CM amplitude in that sample.
The observation that a strong PL polarization oriented 
along the [110] correlates to the presence of a CM micro­
structure may be applied to observe the onset of CM as a 
function of Sb/III( ). Figure 3 summarizes the dependence 
of the 12 K PL peak energy and polarization, , on Sb/III( ) 
during growth for all samples included in this study. The PL 
spectra show a strong negative polarization above Sb/III( ) 
= 0.01, indicating a strong polarization in the [110] direction 
occurs at this Sb/III( ). This point is below the concentra­
tion at which the highest band gap is observed at Sb/III( ) 
= 0.016. TED patterns indicate the presence of CuPtB order­
ing in this same sample.24 The polarization result suggests 
the simultaneous presence of CM in the samples, but this has
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FIG. 3. Summary of 12 K PL peak energy ( a  and polarization, p, (b) for 
increasing amounts of surfactant. Filled circles represent vicinal samples 
and open circles denote singular samples. The polarization of the (511)A 
control sample is shown, represented by the filled triangle. The polarization 
has switched sign at Sb/III(u) = 0.01 a concentration lower than that giving 
the highest peak energy at Sb/III(y) =  0.016.
FIG. 4. Results of varying the incident laser intensity on the sample grown 
with Sb/III(y) =  0.064 at measured temperatures of 12 K (filled markers) 
and 72 K open markers . The upper figure shows the variation in integrated 
PL intensity for the [1 1 0  direction. The slope of the log-log plot at 12 K 
(solid lin e  is 1.04, while at 72 K (dashed line) it is 1.49. The lower figure 
shows the peak energy shift from the lowest measured value vs excitation 
intensity for both temperatures.
not been confirmed by another means. Above Sb/III^) 
= 0.016, the polarization becomes more negative as the peak 
energy decreases. For Sb/III( ) 0.064, the polarization 
reaches a maximum of p = —0.95 and the PL peak reaches 
1916 meV as seen in Fig. 2 c . At higher Sb concentrations, 
the peak energy is observed to decrease further to 1807 meV, 
below that of even the most CuPtB ordered sample at 1839 
meV. TPO is only observed for Sb/III( ) 0.064 and the 
strength is observed to decrease for Sb/III(t;) = 0.128. Both 
observations show that TPO is not responsible for the ob­
served band gap reduction or strong polarization present in 
the PL spectra. Again, a strong indication that polarization is 
directly related to the only consistently observed microstruc­
ture, CM.
Another factor known to affect the PL peak energy is Sb 
incorporation. The Sb concentration in the solid may be mea­
sured using secondary ion mass spectroscopy and is at most 
only 0.1% for Sb/III(t;) = 0.128. The resulting band gap re­
duction due to alloying is at most 10 meV, if the Sb is as­
sumed to incorporate uniformly.26 There is the possibility 
that Sb is not uniform throughout the layers. The absolute 
positional composition has not been measured and Sb may 
indeed be nonuniformly distributed in the layer. But, the 
overall concentration of Sb is small. If Sb preferentially seg­
regated into the regions of lowest band gap, it would serve to 
enhance the observed properties of a CM microstructure of 
the underlying alloy, reducing the band gap in the lowest 
regions and increasing the strain splitting the valence band of 
those regions thus increasing the observed polarization.
B. Temperature and power dependent PL
Changing the excitation intensity can be used as a tool to 
clarify the recombination mechanism and the microstructure, 
CM or TPO, responsible of the PL. By fitting the integrated 
PL intensity, I PL, to the excitation intensity, I EX using the 
relation
IPL IEX , 2
one may determine the radiative recombination 
mechanism.27,28 Results for the sample grown with 
Sb/III( ) 0.064, are shown in Fig. 4. PL for both polarizer 
orientations show a common exponent at both temperatures, 
12 and 72 K, so only the [110] polarization data are plotted. 
At 12 K an exponent of 1.04 0.02 indicates that free carriers 
recombine as excitons.28 At 72 K, the exponent increases to 
1.49 0.05, indicating a combination of excitonic and free 
carrier band-to-band recombination.27-29 The increase in ex­
ponent at 72 K may be explained by thermalization of a 
portion of the exciton population to produce free electrons 
and holes. The lower portion of Fig. 4 shows the PL peak 
energy shift as a function of excitation intensity. The 12 K 
PL peak energy begins to shift almost immediately with in­
creasing excitation intensity. This effect is attributable to 
state filling of the exponential tail of the exciton band caused 
by strong localization.30,31 State filling of a localized exciton 
band tail has also been observed in other samples showing 
CM.31 Figure 1 b gives a schematic model of the conduction 
and valence bands for a lateral superlattice CM. At low tem­
peratures, photogenerated carriers relax into the lowest band
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FIG. 5. Polarized PL and PLE spectra for samples at Sb/III(i>) =  0.016, (a) 
and Sb/III(u) =  0.064, (b). The [110] oriented PLE spectra and polarized PL 
spectra are indicated by the dashed lines. The arrows indicate the energy at 
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FIG. 6. Summary of PL and PLE peak energies vs Sb/III(u). The filled 
points are for singular samples and the open points are for vicinal samples. 
The lines drawn through the data points are meant to guide the eye. The 
dashed lines represent data for the polarizer along the [110] orientation and 
solid lines are for the polarizer along the [110]. Squares represent data from 
vicinal samples while circles represent data from singular samples. 
The energy of the random alloy is denoted by the horizontal dotted line at 
2.005 eV.
gap regions, where they become trapped and recombine as 
excitons. The band tailing occurs because of the nonunifor­
mity of the CM. The PL arises from the deepest lying states. 
At 72 K only a portion of the carriers recombine as excitons, 
requiring a higher excitation intensity to fill the states and 
shift the peak energy. As seen in the figure, at 72 K the PL 
peak begins to shift at an order of magnitude higher excita­
tion than at 12 K.
C. Photoluminescence excitation
PL probes only the lowest band gap tails of the CM 
structure. An additional feature of CM is the existence of 
higher band gap regions as seen schematically in Fig. 1 b . 
To study these high band gap regions, an absorption type 
spectroscopy must be employed. Here, PLE was used to 
probe the higher band gap regions. PLE spectra for both 
samples with Sb/III(r;) = 0.016 and Sb/III(i;) = 0.064 are 
shown in Figs. 5 a and 5 b , respectively. In both samples, 
the PLE was detected at slightly below the peak energy to 
allow the detection of the lowest absorption edge. The PLE 
spectra for the sample with Sb/III(i;) = 0.016 [Fig. 5(a)], are 
nearly identical for both polarizations. Each spectrum shows 
an exciton resonance near the band edge, located at a slightly 
higher energy for the [110] polarization (1977 meV) as com­
pared to that for the [110] polarization (1971 m eV . This 
difference is significant, since it shows the valence band 
splitting predicted for CM in the schematic of Fig. 1 b in the
high band gap regions. The observed valence band splitting 
is reversed from that typical of CuPt ordering, where the 
[110] edge is at a lower energy than for the [110].32 The 
PLE spectrum of the sample with Sb/III( ) 0.064 is shown 
in Fig. 5(b). The entire [110] spectrum has now shifted rela­
tive to the [110] spectrum. The shoulder is at 2039 meV for 
the [110] polarized spectrum and is at a lower energy of 2006 
meV for the [110] polarization. Both values are higher than 
for completely random GaInP lattice matched to GaAs.4,19,32 
The PLE edge arises from the Ga-rich, higher band gap, 
regions of the CM. The shape of the PLE spectra below the 
edge clearly demonstrates the same exponential tail de­
scribed earlier and shows that the PL spectra originate deep 
within this tail as deduced earlier. Taking the shoulder as the 
fundamental absorption edge, Stoke’s shifts between the PL 
and PLE of 94.7 meV and 127.7 meV are measured for the 
[110] and [110] orientations, respectively. The shape of the 
PLE edge is different from that observed in CuPtB ordered 
samples, where two peaks or inflections are observed for 
each polarizer orientation,32 directly indicating that the PLE 
spectra do not originate from a form of ordering. The [ 110] 
edge is lower in energy since the topmost valence band in the 
Ga-rich regions allows only transitions with the polarization 
oriented along the wells.34
The PLE peak energies and PL-PLE peak separations 
(Stoke’s shifts) for the entire series of samples are plotted 
vs Sb/III( ) in Figs. 6 a and 6 b , respectively. In the
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undoped samples, the Stoke’s shift is seen to be 25±5 meV, 
with a splitting between the [110] and [110] polarizations 
that is typical of that produced by CuPt ordering in GaInP, as 
reported earlier.32 The [110] polarization edge is observed to 
be lower in energy than the [110] edge, consistent with 
strong CuPtB ordering.32 As the Sb concentration increases 
the separation between the edges for the two polarizations 
decreases monotonically, as does the Stoke’s shift, all in 
agreement with the disordering proposed in earlier work on 
Sb modified GaInP.15,16,24 At the same concentration of Sb 
where the PL polarization is observed to reverse, Sb/III(u) 
= 0.010 (Fig. 3), the Stoke’s shift becomes nearly zero. 
Above this concentration, the [110] orientation becomes the 
lower energy edge. The reversal in PLE edges observed here 
explains the observed polarization reversal in Fig. 3. If the 
lowest energy transition is strongly [110] oriented, the radia­
tive recombination of the low temperature PL would also 
become oriented the same direction. The PLE results show 
that as CuPtB ordering is being removed by the addition of 
Sb, the CM is simultaneously increasing in strength. With the 
onset of strong CM above Sb/III(u)>0.03, a large separation 
between the [110] and [110] edges is observed, with the 
energies clearly exceeding the band gap of the random alloy 
(2.005 eV). Both singular and vicinal samples follow the 
same trend in Fig. 6, indicating that a slight substrate mis- 
orientation has little effect on the surfactant induced CM, as 
was observed previously in epilayers showing lateral super­
lattice CM grown by MBE and the SILO method.33
IV. DISCUSSION
The experimental data presented earlier demonstrate that 
a lateral superlattice CM is present in GaInP epilayers when 
grown with Sb/III(u)>0.0L The increase in polarization of 
the PL and the decrease in PL peak energy with increasing 
Sb/III(u) qualitatively indicate that the low band gap regions 
become more In rich as the amount of Sb is increased during 
growth. Simultaneously from the PLE results, the valence 
band splitting and peak energy of the Ga-rich regions in­
crease, indicating that the high band gap regions become 
more Ga rich. The effects in both low and high band gap 
regions are linked by defining the compositional deviation 
from lattice match as the CM amplitude, . As observed by 
TEM and shown in Fig. 1, the composition at any point may 
be modeled as a wave along the [110] direction with a peri­
odicity of 120 nm.13,14
Knowing the initial composition profile, the effects 
on the band gap may be calculated and the results compared 
with the PL and PLE results. Many models have been posed 
in the literature for lateral superlattice CM.5,34-36 The model 
best suited to the comparison here is a continuum model 
based on the k p  description of the semiconductor band 
structure.34 Material parameters for the alloy regions may 
be linearly interpolated from values of the end-point binaries, 
GaP and InP, and are tabulated elsewhere.34 The wave profile 
may be modeled as either a square wave or a sine wave. 
A more accurate composition profile would be a modified 
square wave with graded interfaces between the regions.34-36 
The actual profile is unknown, so a sine wave is assumed
Sb/lll (v)
FIG. 7. CM amplitude, S, vs Sb/III(i>) calculated from energies of the PLE 
[110] edge (diamonds) and PL peak energy (circles). Filled and open data 
points represent singular and vicinal samples, respectively. Average values 
of the CM amplitude are indicated by lines as calculated from PL peak 
energies (dashed lin e  and PLE [110] edge energies (solid line).
since it is the simplest approximation of the graded interfaces 
between regions. Using that profile, the amplitude, <5, denotes 
the largest deviation of the composition at the center of 
each Ga-rich (Ga0.51^ ^In0.48^ ^P ) and In-rich 
(Ga0.515-«sIn0.485+<5P) region.
With these assumptions, the initial compositional profile 
is input into the model and the resulting band gaps are cal­
culated for a given CM amplitude, S. Here, the inverse prob­
lem is required. Starting with the band gaps of both In-rich 
and Ga-rich regions, the PL peak energy and the PLE 110 
edge energy, respectively, are used to calculate, <5, in the 
sample. The effects of CuPtB ordering may be assumed to be 
linearly superimposed on those of the CM. The amount of 
band gap reduction in the PLE due to the ordering may be 
removed empirically by using the valence band splitting be­
tween the [110] and [110] edges, in samples where the [110] 
orientation is lower in energy.33 Prior to calculating the CM 
amplitude, the band gap reduction due to ordering is added to 
the PLE edge energy. For comparison, the values calculated 
from the PL peak energy were not corrected. It is assumed 
that TPO has little effect on the relevant band structure.
Using such a complex calculation presents many inaccu­
racies into the calculated values. There many sources of error 
in the model. For these reasons, this calculation presents at 
best only an estimate of the compositions of the CM regions.
The results of the calculation are plotted as the CM am­
plitude, , vs Sb/III( ) in Fig. 7. The dashed and solid lines 
show the average value of the calculation for each data set, 
PL peak energy and PLE [110] edge energy, respectively. 
Below the critical concentration of Sb/III(i;) = 0.01, the val­
ues for the uncorrected PL data deviate significantly from the 
corrected PLE data. In this case, the CuPtB ordering is the 
dominant microstructure and the CM model is not valid in 
this region. Above Sb/III(i;) = 0.01, the average deviation 
calculated for both PL peak energy and PLE shoulder energy 
converge. Both averages increase monotonically with in­
creasing Sb/III(u). At Sb/III(u) = 0.128 the CM amplitude,
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S, reaches a maximum with an average value of 0.17. At this 
Sb concentration, the GaInP epilayer has segregated into re­
gions of Ga0.68Ino.32P (Ga rich  and Ga0.34In0.66P (In rich . At 
those compositions, the strain energy (due to the lattice mis­
match with the substrate and between regions of different 
compositions of the individual regions is significant and 
leads to the formation of many strain-related defects. As was 
observed at Sb/III(i;) = 0.128, the resulting high defect den­
sity reduces the overall PL intensity. Many stacking faults 
and apparent strain regions at the epilayer-substrate interface 
are also observable in bright-field TEM images for samples 
above S b /I II^ ^ 0 .0 6 4 .13,14,16 The overall optical quality of 
the samples drops above that concentration due to the in­
creased CM amplitude.
V. CONCLUSIONS
In summary, the optical properties due to surfactant en­
hanced lateral superlattice CM formation in GaInP have been 
explored. Results of 12 K polarized PL show that above 
vSb/III^O= 0.01, a polarization reversal occurs as the CM 
becomes the dominant microstructure producing the optical 
properties. The use of the polarization reversal in the 12 K 
PL is the most sensitive optical technique for identifying the 
onset of the CM in the samples. The PL in the CM samples 
originates from localized excitons in an exponential density 
of states tail. PLE results show that above Sb/III( ) 0.01, 
the CM is also detected from the high band gap regions. The 
peak energies from the PL and PLE results have been used to 
demonstrate that above S b /I II^ ^ 0 .0 1 , the deviation from 
lattice match increases monotonically with increasing 
Sb/III^), reaching a maximum of 0.17. Above Sb/III(i0
0.064, the optical quality of the samples drops, due to the 
strain at the epilayer-substrate interface and between compo­
sition regions forming defects which act as nonradiative re­
combination centers.
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